ABSTRACT'. A model for predicting the relationship between protein and energy intakes of low-birth-weight (LBW) infants and the rate and composition of weight gain is described. It is based on linear multiple regression equations summarizing the rates of weight gain, nitrogen retention, and energy retention of 101 previously studied LBW infants fed protein intakes ranging from 2.25 to 3.9 g. kg-' .d-' and concomitant energy intakes ranging from 115 to 147 kcal. kg-'.d-' plus current theory concerning nutrient retention and body composition. To test the validity of the model, three combinations of protein and energy intake predicted by the model to result in specific rates and compositions of weight gain were fed to 44 LBW infants, and the observed rates of weight gain, protein accretion, and fat accretion were compared with the rates predicted by the model. Differences in these and other outcome variables between two of the groups, the intakes of which differed only in energy, also were compared to provide additional insight into the effect of concomitant energy intake on protein utilization. Across groups, actual outcomes correlated closely with predicted outcomes, supporting the validity of the model for the total population. However, outcomes of individual infants deviated as much as 30% from predicted outcomes; the magnitude of the deviation was independent of birth weight, gestational age, or size for gestational age. In addition, the mean rate of protein accretion of the group fed the highest protein/ energy ratio was significantly less than predicted. The higher mean urinary nitrogen excretion as well as blood urea nitrogen and plasma amino acid concentrations of this group versus the group that received a similar protein intake with a higher energy intake suggest that the higher energy intake improved nitrogen utilization. In toto, the data support the concept that the rate and composition of weight gain of LBW infants can be manipulated by intake; however, for individual infants, the extent of manipulation seems to be dependent on as-yet-unidentified inherent biologic variables. (Pediatr Res 35: [704][705][706][707][708][709][710][711][712] 1994) Abbreviations LBW, low birth weight Current guidelines for feeding LBW infants stress the importance of achieving as soon after birth as possible a rate of weight gain that is at least equal to or, preferably, greater than the intrauterine rate (1, 2). A number of studies have demonstrated that even the higher rates of weight gain can easily be achieved but that the accompanying rates of fat accretion are as much as 3-fold greater than the intrauterine rate (3-8). The desirability of such high rates of fat accretion are unknown. For most populations, they are considered undesirable, but this may not be true for the LBW infant who is born with limited fat stores. Moreover. approximately 40% of the weight gained by term infants over the first 4 mo of life appears to be fat (9), raising the possibility that high rates of fat accretion are unavoidable during early extrauterine life.
ABSTRACT'. A model for predicting the relationship between protein and energy intakes of low-birth-weight (LBW) infants and the rate and composition of weight gain is described. It is based on linear multiple regression equations summarizing the rates of weight gain, nitrogen retention, and energy retention of 101 previously studied LBW infants fed protein intakes ranging from 2.25 to 3.9 g. kg-' .d-' and concomitant energy intakes ranging from 115 to 147 kcal. kg-'.d-' plus current theory concerning nutrient retention and body composition. To test the validity of the model, three combinations of protein and energy intake predicted by the model to result in specific rates and compositions of weight gain were fed to 44 LBW infants, and the observed rates of weight gain, protein accretion, and fat accretion were compared with the rates predicted by the model. Differences in these and other outcome variables between two of the groups, the intakes of which differed only in energy, also were compared to provide additional insight into the effect of concomitant energy intake on protein utilization. Across groups, actual outcomes correlated closely with predicted outcomes, supporting the validity of the model for the total population. However, outcomes of individual infants deviated as much as 30% from predicted outcomes; the magnitude of the deviation was independent of birth weight, gestational age, or size for gestational age. In addition, the mean rate of protein accretion of the group fed the highest protein/ energy ratio was significantly less than predicted. The higher mean urinary nitrogen excretion as well as blood urea nitrogen and plasma amino acid concentrations of this group versus the group that received a similar protein intake with a higher energy intake suggest that the higher energy intake improved nitrogen utilization. In toto, the data support the concept that the rate and composition of weight gain of LBW infants can be manipulated by intake; however, for individual infants, the extent of manipulation seems to be dependent on as-yet-unidentified inherent biologic variables. (Pediatr Res 35: [704] [705] [706] [707] [708] [709] [710] [711] [712] 1994) Abbreviations LBW, low birth weight Current guidelines for feeding LBW infants stress the importance of achieving as soon after birth as possible a rate of weight gain that is at least equal to or, preferably, greater than the intrauterine rate (1, 2). A number of studies have demonstrated that even the higher rates of weight gain can easily be achieved but that the accompanying rates of fat accretion are as much as 3-fold greater than the intrauterine rate (3) (4) (5) (6) (7) (8) . The desirability of such high rates of fat accretion are unknown. For most populations, they are considered undesirable, but this may not be true for the LBW infant who is born with limited fat stores. Moreover. approximately 40% of the weight gained by term infants over the first 4 mo of life appears to be fat (9) , raising the possibility that high rates of fat accretion are unavoidable during early extrauterine life.
Our previous studies of growth and nutrient retention of LBW infants fed varying intakes of protein and energy (3, (10) (11) (12) (13) suggest that postnatal rates of weight gain as well as protein and fat accretion are closely related to dietary protein and energy intakes. The data from these studies are summarized quite well by linear multiple regression equations relating the rate of weight gain primarily to the intakes of protein and energy and the rates of protein and fat accretion to dietary protein and energy intakes, respectively (14) . We therefore hypothesized that these equations might be used as the basis of a model for predicting the relationship between dietary protein and energy intakes of LBW infants and the rate and composition of weight gain. We hypothesized further that demonstration of the validity of such a model would provide at least suggestive evidence that the rate and composition of weight gain of LBW infants can be manipulated sufficiently by diet to make a study of the short-and long-term effects of rate and composition of extrauterine weight gain feasible.
The development and validation of such a model are reported here. The primary goals of the investigation were to develop a model relating the rate and composition of weight gain of LBW infants to protein and energy intakes, use it to predict intakes likely to result in specific rates and compositions of weight gain as well as to predict the rates and compositions of weight gain MATERIALS AND METHODS protein intake or energy intake expresses the relationship between the intakes of these two nutrients likely to produce the desired In this and subsequent equations, El, is energy intake (kcal .kg-' . (r' = 0.72; residual error = 6.25 kcal.kg-' .d-I) Relationship between protein and fat accretion and intakes of protein and energy. According to current theory concerning nutrient retention and body composition, nitrogen accretion is assumed to represent storage of new protein. Thus, the equation summarizing the nitrogen retention data can be converted to one summarizing protein accretion (P,) by substituting P,/6.25 and PIn/6.25 for N, and Ni,: Also according to current theory, the general relationship between energy balance and fat accretion (F,), ignoring the small amount of energy likely to be stored as carbohydrate ( 1 5, 16), is expressed as F, = (E, -5.65 P,)/9.25, where the constants 5.65 and 9.25 are heats of combustion (kcallg) of protein and fat, respectively (17) . Substituting equations 3 and 4 for energy balance (E,) and protein accretion (P,) into the general equation for fat accretion (F,) yields the following:
Relationship between protein and fat accretion. The next step in development of the model is to select the desired relationship between the rates of protein and fat accretion. Any arbitrary relationship, of course, could have been chosen; we chose the relationship during the interval of gestation during which the fetus increases from 1400 g, the approximate average birth weight of infants enrolled in the studies giving rise to the multiple regression equations (and, hence, the average body weight when birth weight is regained), to 2200 g, a reasonable "discharge weight." During this interval, the fetus adds 1 16 g of protein and 110 g of fat (18) ; thus, the ratio of protein accretion to fat accretion, P,/F,, is 1.055. Use of the Model. Over the weight range of interest, the rate of weight gain is well described by the exponential equation W, = WoeAW in which W, is weight at any time, Wo is the initial weight, T is time in days required for Wo to reach W,, and 1000 converts AW from g. kg-l.d-' to kg.kg-l.d-I. At W, = 2200 g and WO = 1400 g, AW = 1000 In (22001 1400)/T, or AW = 452/T.
On average, the 1400-g fetus increases to 2200 g in 34 d. However, the infant who weighs 1400 g at birth, loses weight, regains birth weight at 2 wk ofage, and subsequently gains weight at the intrauterine rate will not reach 2200 g until 48 d of age. If it is desired to have the infant reach discharge weight (2200 g) a week sooner, thereby recouping a week of the 2 wk required to regain birth weight, a weight gain of 800 g must be achieved in 27 d rather than 34 d. This will require a rate of weight gain of 16.7 g.kg-'.d-'. Similarly, to achieve discharge weight 2 wk sooner, i.e. to achieve complete catch-up growth, a weight gain of 800 g must be achieved in 20 d. This necessitates a rate of weight gain of 22.6 g. kg-' .d-'.
Substituting each of these rates of weight gain into equation 7, solving the equation for PI,, and using the resulting value of P,, to solve equation 6 for E,, yields the protein and energy intakes that, theoretically, will result in the desired rates of weight gain with a protein:fat ratio of' 1.055. The intakes computed to result in a rate of weight gain of 16.7 g. kg-' .d-' are 3.36 g. kg-' .d-I protein and 99.6 kcal kg-'. d-I energy; those required to produce complete catch-up growth by the time of discharge, at a rate of weight gain of 22.6 g. kg-' .d-', are protein at 4.5 g. kg-' .d-' and energy at 1 16.8 kcal. kg-' . d-'. Obviously, the model also can be used to predict the protein and energy intakes likely to result in other rates and compositions of weight gain or, as described below, to predict rates of weight gain, protein accretion, and fat accretion expected with any combination of protein and energy intakes. * Mean (+SD) of nine analyses of each formula, three before beginning the study, three midway into the study, and three near the end of the study. Evaluation of the Model. The original intent was to evaluate the model by determining whether infants fed the protein and energy intakes predicted by the model to result in partial (3.4 g. kg-' . d-' and 100 kcal . kg-' . d-') and complete catch-up growth (4.5 g. kg-' .d-' and 1 17 kcal . kg-'. d-I) with the same composition as that during fetal development did, in fact, gain weight and store protein and fat at the expected rates. However, the protein content of the formulas manufactured for the study was less than intended. Based on the measured protein and energy contents of these formulas (Table 1) and an assumed intake of 180 mL. kg-'. d-', the mean gross protein and energy intakes of the two groups (partial catch-up and complete catch-up growth) should be 3. Overview of study. LBW infants weighing between 750 and 1750 gat birth with neither gastrointestinal disease, renal disease, nor severe pulmonary disease were assigned randomly within four birth weight ranges, i.r. 750-1000 g, 1001-1250 g, 125 1-1500 g, and 1500-1750 g, to be fed one of three formulas, either one of the combinations of intakes described above (formulas 1 and 2, Table 1 ) or a third combination (formula 3, Table I) All formulas, prepared specifically for this study by Ross Laboratories, were number-coded and the code was not known to the investigators or the nurses caring for the infants. They were identical except for their content of protein and energy (Table I ). All contained modified bovine milk protein (60% whey proteins, 40% caseins). The nonprotein energy content was composed of 50% fat (25% medium-chain triglycerides, 30% coconut oil, and 45% soy oil) and 50% carbohydrate (equal amounts of lactose and a glucose polymer). Electrolyte, mineral, and vitamin contents were similar (Table I ) and the same as those of the manufacturer's routine LBW infant formula (Similac Special Care, Ross Laboratories, Columbus, OH).
The assigned formula was started as soon as enteral feedings were tolerated, and the volume was increased as tolerated to 180 mL. kg-' .d-'. This intake was then maintained by daily adjustments based on each day's weight until the infant weighed 2200 g or, rarely, until the infant was discharged. Once enteral feedings were established, vitamins A (1 500 IU), C (35 mg), D (400 IU), and E (25 IU) were administered to all infants daily.
The formulas were delivered by orogastric tube or by nipple using a syringe or volumetric cylinder. Simulation of these procedures in the laboratory showed that loss of nutrients was negligible. Throughout the study, infants were nursed in servocontrolled incubators at a thermoneutral temperature. As soon as possible, always by the time full intake was tolerated, the infants were transferred to the Neonatal Clinical Research Center, where the study was completed. Growth, nutrient balanc-es, and biochemical variables were monitored, as described below, from the time desired intake was tolerated until weight reached 2200 g.
The study was approved by the institutional review board and informed parental consent was obtained before an infant was enrolled.
Growth. Body weight was measured each morning before feeding using a scale with a resolution of 1 g. The daily weights of each infant were regressed against the infant's age in days, and the rate of weight gain over the entire period of study, expressed as g. kg-' .d-I, was computed for each infant. Crown-heel length, head circumference, and the thickness of both triceps and subscapular skinfolds were measured weekly, always by the same two investigators, using standard procedures ( 10) . Each measurement was regressed against age, and the rates of change over the entire period of study expressed as cm or mm/wk were com- Nutrient balances. Seventy-two-hour collections of stool and urine were obtained, using standard procedures described previously ( 1 I), within the first week after the infants had received the desired intake (180 mL. kg-'ad-') and every other week thereafter until weight reached 2200 g or, occasionally, until the child was discharged at a lower weight. The intent was to obtain a minimum of two collections from each infant. Because of early discharge, only one collection was obtained from two infants; of the remainder, two collections were obtained from 21 infants, three collections were obtained from 16 infants, four collections were obtained from three infants, and five collections were obtained from two infants.
Nitrogen, electrolyte, and mineral balances were computed as the difference between intake and the sum of urinary and fecal KASHYAP ET .4L. losses. Total nitrogen content of the formulas, urine, and stool was measured by the Dumas method using a Coleman model 129 automatic nitrogen analyzer (Perkin-Elmer Corp., Norwalk, CT). Concentrations of sodium and potassium were determined by flame photometry, those of chloride by microcoulometric titration (21) , those of calcium and magnesium by atomic absorption spectrometry, and those of phosphorus by the method of Baginski et al. (22) .
Birth weight (g)
Energy balances, computed as the difference between gross energy intake and the sum of excretory energy losses and energy expenditure, were performed during each 72-h urine and stool collection period. The energy contents of the intake and stool were determined by bomb calorimetry (23); the energy content of urine was calculated as 5.4 kcal of urinary urea nitrogen per gram [the heat of combustion of urea (24)l. Energy expenditure was computed from 6-h measurements of oxygen consumption and carbon dioxide production and from urinary nitrogen excretion during the 72-h collection period, using the constants of Lusk (25) . The open circuit, indirect calorimetry system used to measure oxygen consumption and carbon dioxide production has been described previously (26 
Data analysis.
Clinical characteristics assessable on a continuous scale were summarized as mean + SD; dichotomous characteristics (presentlabsent) were summarized simply by enumerating the number of subjects with each characteristic. The mean slope of the linear regression of each outcome variable against postnatal age was calculated for each group, using the slope of each subject, and tested to determine whether it was statistically significant. If so for any group, the slope of the variable for each subject and the expected value when weight reached 2200 g were used for further analyses. For variables without a significant slope, the mean value for each subject during the period of study was used for further analysis.
The primary analyses required to achieve the objectives of this study are those necessary to test the validity of the model (i.e. to determine differences between observed and predicted outcomes) and those necessary to detect the effect of energy intake on protein utilization (i.e. to determine differences in selected outcome variables between groups 2 and 3). For the former, the observed rates of weight gain, protein accretion, and fat accretion of each infant as well as the ratio of protein to fat accretion were 
compared by regression analysis with the predicted rate or ratio, calculated from the equations composing the model, the infant's birth weight, and the infant's actual protein and energy intakes over the period of study. In addition, the difference between observed and predicted variables of each infant was plotted against the mean value of the observed and predicted variable (27) . and the 95% confidence interval of the mean difference was calculated. To determine whether the validity of the model differed among groups, the observed group mean of each outcome variable was compared by t test to the predicted group mean: differences at p < 0.0 1 were designated statistically significant. To determine differences in protein utilization secondary to additional energy intake, differences in selected outcome variables between groups 2 and 3 were compared by t test; differences at p < 0.0 1 were designated statistically significant.
Outcome variables determined as part of the study but not particularly germane to the primary or secondary objectives are presented without designation of statistically significant differences among groups. Fs (predicted)
Studypoplilation. Five of the 49 subjects enrolled in the study did not complete it: three developed necrotizing enterocolitis, one developed patent ductus arteriosus requiring fluid restriction, and one developed neonatal diabetes. As summarized in Table  2 , the clinical characteristics of the 44 infants who completed the study differed minimally among groups. The clinical characteristics of these infants also differed minimally from infants studied previously (3, (10) (11) (12) (13) , although the lower birth weight limit for inclusion in previous studies was 900 g rather than 750 g. Nutrient intakes. The mean volume of intake of all infants was very close to that intended. Thus, the actual intakes of these groups differed only minimally from expected intakes based on the nutrient contents of the formulas (Table 1) and vitamin supplements. The mean intakes of the major nutrients by the three groups are summarized in Table 3 .
Growth and nutrient retention. The group means of all outcome variables related to growth and nutrient retention are shown in Tables 3 and 4 . In general, differences in outcome variables between groups 2 and 3 were those expected from the greater energy intake of group 3 versus group 2 (see below).
Predicted versus observed outcomes. The predicted and observed rates of weight gain, protein accretion, and fat accretion as well as the ratio of protein to fat accretion of each infant assigned to each group are shown in Table 5 . The predicted rates and ratios are based on each infant's actual birth weight and mean intake of protein and energy over the entire study period. The relationships between the rates of weight gain, protein accretion, and fat accretion as well as the ratio of protein to fat accretion observed in each infant assigned to the three groups and the predicted rates or ratio are shown in Figure 1 . For each outcome variable, the correlation between the observed and predicted values was highly significant.
In addition, the slopes of the regression lines relating the observed and predicted variables did not differ from 1 .O (the line of identity).
The difference between the observed and predicted rates and ratio of each infant in all groups plotted against the mean value of the observed and predicted variables (27) is shown in Figure  2 . For each variable, the mean difference of the population was very close to zero. However, the 95% confidence intervals for the mean difference between observed and predicted variables were quite wide. As illustrated in Table 5 , the mean rate of protein accretion of group 2 and, hence, the ratio of protein to fat accretion were significantly less than predicted. In addition, the mean difference between the rate of protein accretion ofgroup 2 and the predicted rate Indices of protein adequacy/excess. The plasma transthyretin concentration of group 3 increased significantly during the study period ( 1.08 + 1.54 mg . dL-' . wk-I); that of groups 1 and 2 did not (0.1 + 0.54 and 0.59 a 1.20 mg.dL-' .wk-', respectively).
Plasma albumin concentrations of groups 1 and 2 but not group 3 rose significantly during the study period (0.06 f 0.08, 0.06 a 0.10, and 0.09 a 0.17 g.dL-'.wk-l in groups 1, 2, and 3, respectively). At 2200 g, plasma transthyretin concentrations of groups 1, 2, and 3 were 12.1 + 2.1, 13.8 & 2.2, and 13.6 + 2.0 mg/dL, respectively; plasma albumin concentrations of the three groups were 3.4 + 0.3, 3.6 0.3, and 3.3 + 0.3 g/dL.
The blood urea nitrogen concentration of groups 2 and 3 but not group 1 increased significantly during the study period (0.64 + 1.52, 2.02 a 1.72, and 1.87 + 2.0 mg.dL-' . wk-' in groups 1, 2, and 3, respectively). The mean concentrations at 2200 g were 9.2 k 3.7, 13.8 k 2.8, and 10.5 + 4.3 mg/dL in groups 1, 2, and 3, respectively. Blood acid-base status was within normal limits in all infants throughout the study period.
The mean plasma concentrations of all amino acids of the three study groups are shown in Table 6 . With the exception of the concentrations of threonine and tyrosine in groups 2 and 3, the mean concentrations of all were within the 95% confidence limits (+2 SD) of cord plasma concentrations between 29 wk gestation and term (30) .
Effect of energy intake on nitrogen utilization. Group 3 was included in this study primarily to obtain additional information concerning the effect of energy intake on nitrogen utilization. Differences in outcome variables between this group and group 2, the intakes of which differed primarily in total energy, should reflect this effect. Interestingly, the differences were minimal. Urinary nitrogen excretion of group 3 was significantly less than that of group 2 (Table 3 ), but because of the somewhat lower nitrogen intake and greater fecal nitrogen loss of group 3, the difference in nitrogen retention between the two groups was not statistically significant. The differences in biochemical variables between the two groups (i.e. a somewhat lower rate of increase in blood urea nitrogen concentration as well as a lower blood urea nitrogen concentration at 2200 g in group 3 versus group 2 and lower plasma concentrations of most essential amino acids in group 3 versus group 2), although not statistically significant, also suggest a modest complementary effect of energy intake on nitrogen utilization. Other differences between the two groups, i.e. the greater rates of weight gain and increases in skinfold thicknesses of group 3 versus group 2 as well as the greater energy expenditure, energy balance, and rate of fat accretion, were expected from the roughly 25 kcal .kg-' .d-' difference in energy intake between the two groups.
DISCUSSION
The foregoing sections describe the development of a model to predict the relationship between protein and energy intakes of LBW infants and the rate and composition of weight gain, the use of this model to predict intakes necessary to produce specific rates of weight gain with the same composition as that of the developing fetus, and evaluation of the model by comparison of the responses of LBW infants fed three protein and energy intake combinations with the responses predicted by the model. Data concerning the metabolic tolerance of the intakes studied as well as data concerning the effect of energy intake on protein utilization also are reported.
On average, the model seems to be remarkably valid for the total population studied. Across all groups, there was a strong correlation between observed and predicted rates of weight gain, protein accretion, fat accretion, and the ratio of protein to fat accretion (Fig. 1) . Moreover, the slopes of the regression lines relating the observed and predicted rates or ratio did not differ from the line of identity.
In contrast to the model's validity for predicting the mean outcomes of a population, the model seems to be less valid for predicting the response of an individual infant. Although the mean differences between observed and predicted rates of weight gain, protein accretion, and fat accretion and the ratio of protein to fat accretion were minimal, the limits of agreement were quite wide (Fig. 2) . For example, the response of individual infants could be almost precisely that predicted or could differ from that predicted by as much as +30%. Also, as is clear from perusal of Table 5 , there is no consistency in the responses of individual infants among the different variables. The response with respect to one of the variables can be precisely that predicted, but the response with respect to the others can be either greater than or less than predicted.
This difference in validity of the model for a population versus an individual infant is not surprising. The equations composing the model describe the composite behavior of 101 infants rather than that of any single infant and therefore tend to average the myriad of factors that are known or thought to play a role in how an individual infant uses protein and energy intakes for growth. In fact, considering the number of such factors, it is surprising that the limits of agreement between observed and predicted outcomes are as small as those observed.
Interestingly, in this study, birth weight, gestational age, and size for gestational age, all of which are thought to influence the way in which infants utilize protein and energy for growth, seem to explain little of the difference between observed and predicted outcomes. The correlation coefficients for the deviation of the observed rate from the predicted rate of weight gain of each infant and the infant's birth weight, gestational age, and size for gestational age were 0.15, -0.06, and 0.3, respectively. The correlation coefficients for the deviation of the observed rates from the predicted rates of protein accretion and these factors (0.06, 0.10, and -0.02), fat accretion and these factors (0.07, -0.22, and 0.45), and the ratio of protein to fat accretion and these factors (0.05, 0.25, and -0.34) also were low.
Because the protein contents of the formulas manufactured for this study were somewhat less than intended, one of our initial goals, i.e. to determine whether it is possible to produce a rate of weight gain of sufficient magnitude and of the requisite composition to result, at discharge, in the infant's weighing the same and having the same body composition as a fetus of comparable postconceptional age, was not achieved. Nonetheless, the results suggest that this is not likely to be possible. The group of infants fed a somewhat lower protein intake than predicted by the model to result in this goal, i.e. group 2, who had a protein intake of 4.3 g.kg-'.d-' rather than the predicted intake of 4.5 g. kg-' .d-', retained protein at a significantly lower rate than expected. In addition, the blood urea nitrogen concentration of this group and the plasma concentration of some amino acids (e.g. tyrosine) were higher than might be desirable.
The reason for the poorer-than-expected retention of the high protein intake of group 2 is not clear, but the data reported are consistent with the possibility that utilization of this relatively high protein intake was limited by inadequate energy intake. Certainly, the complementary effect of energy intake on protein utilization is a widely recognized phenomenon (19, 20) . More-over, our earlier data suggested that the predicted energy intake would not support maximal utilization of the protein intake predicted to result in "complete" catch-up growth ( 1 1). However, the minimal difference in nitrogen utilization between groups 2 and 3 raises the additional possibility that a protein intake of this magnitude may exceed the capacity of LBW infants for protein utilization regardless of concomitant energy intake. Alternatively, the energy intake required for significantly better utilization of this relatively large protein intake may be even higher than that of group 3. Even if tolerated, such an energy intake is likely to result in an even greater rate of fat deposition than observed in group 3.
In toto, the data reported show that significant catch-up growth without rates of fat accretion vastly in excess of the intrauterine rate can be achieved. However, the protein:energy ratio of the intake required is higher than that of current LBW infant formulas. Moreover, unless synthetic mechanisms can be altered to enhance protein synthesis at the expense of fat deposition, the dual goal of mimicking the quality of fetal tissue deposition and producing complete catch-up growth in LBW infants seems unreachable. Possible strategies for altering the relative rates of protein and fat deposition include varying the quality of dietary protein intakes, energy intakes, or both and exogenous administration of metabolic stimulants (e.g. growth hormone, IGF-I). At present, data supporting the likelihood of success with the former maneuver are limited (3 1,32); the latter strategy, although effective in animals (33) , older children (34) , and adults (35), has not been evaluated in LBW infants.
It is important to note that the purpose of the study reported here was not to determine the desirability of one type of growth versus another, but rather to determine the extent to which the rate and quality of growth of LBW infants are influenced by the quality of the diet and the extent to which the quality of growth is predictable-a necessary first step before the advantages and disadvantages of one type of growth versus another can be determined. The findings show that the rate and quality ofgrowth are dependent on the dietary intake of protein and energy as well as inherent biologic and genetic differences among infants. The latter influences, although important, do not seem to obscure the effects of diet in a population of infants. Thus, it should be possible to determine the effects of the quality of early growth of LBW infants on a variety of short-and long-term outcomes. Such a study, conceivably, could answer the important question of whether early diet imprints subsequent intake and, hence, quality of growth. Concurrently, it should be possible to begin to assess the extent to which the inherent biologic and genetic mechanisms that seem to influence how an individual infant utilizes protein and energy for growth during the neonatal period remain functional as the infant matures. For example, does an infant who stores fat at a higher-than-predicted rate during the neonatal period continue to do so, and, hence, is this infant more likely to be an obese child, adolescent, or adult than the infant who stores fat at the predicted or at a less-than-predicted rate during the neonatal period?
